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Preseismic ionospheric electron enhancements, revisited

# Kosuke Heki[1]; Yuji Enomoto[2]
[1] Hokkaido Univ.; [2] Toyama Ind. Tech. Cent.

http://www.ep.sci.hokudai.ac.jp/ heki

Possible enhancement of ionospheric Total Electron Content (TEC) immediately before the 2011 Tohoku-oki earthquake
(Mw9.0) has been reported by Heki [2011]. Critical responses to it often come in two stages; they first doubt the enhancemen
itself and attribute it to an artifact. Secondly (when they accept the enhancement), they doubt the significance of the enhanceme
among natural variability of space weather origin. For example, Kamogawa and Kakinami [2013] attributed the enhancemen
to an artifact falsely detected by the combined effect of the highly variable TEC under active geomagnetic condition and the
occurrence of a tsunamigenic ionospheric hole [Kakinami et al., 2012]. Here we closely examine the time series of vertical TEC
before and after the 2011 Tohoku-oki earthquake. We first demonstrate that the tsunami did not make an ionospheric hole, ar
next confirm the reality of the enhancement using data of two other sensors, ionosonde and magnetometers. The amplitude
the preseismic TEC enhancement is within the natural variability, and its snapshot resembles to large-scale traveling ionospher
disturbances (LSTID). However, distinction could be made by examining their propagation properties. Similar TEC anomalies
occurred before all the M&amp;amp;#8805;8.5 earthquakes in this century, suggesting their seismic origin.

Figure Caption. (left) Comparison of signals by the three sensors, VTEC by Satellite 15 at the station 3009 (Kashima), E layel
critical frequency (foEs) from the ionosonde at Kokubunji, and the geomagnetic field declination at Kakioka, Kanto, relative
to Kanoya, Kyushu. The anomalies show up simultaneously "40 minutes before the 2011 Tohoku-oki earthquake. Referenc
quadratic curves for VTEC and the declination have been drawn by fitting the data from 3:46 to 7.46 excluding 5:06-6:06. (right)
. VTEC residuals from reference polynomials estimated excluding the period between the two broken lines (from -40 to +20
minutes) for the 2011 Tohoku-oki earthquake and three other events, i.e. the 2007 Bengkulu earthquake (M8.5), 2012 Nort
Sumatra earthquake (M8.6), and its largest aftershock (M8.1) that occurred "2 hours later. Polynomial degrees are 2, 1, 3, 3,
from top to bottom. See Cahyadi and Heki [JGR 2013] and Cahyadi and Heki [JGR, in revision] for the detail of the 2007 and
2012 earthquakes. The GPS station names and the satellite numbers are shown to the right. A strong positive anomaly seen
the bottom curve about -1.8 hours is the coseismic ionospheric disturbance of the main shock.
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